about the pathogenic role of C. trachomatis in Japan as well as in many other Asian countries.
Therefore we attempted to isolate C. trachomatis from Japanese with pneumonia and described a preliminary report of success in isolation of this agent elsewhere (Numazaki et al. 1983a, b) . This paper describes the incidence, diagnosis and clinical features of C. trachomatis pneumonitis in Japanese infants. Our data suggest that C. trachomatis pneumonitis occurs frequently in Japanese infants as well as in American and European infants.
MATERIALS AND METHODS
Clinical specimens. Nasopharyngeal swab specimens were obtained from 109 infants with pneumonia who admitted to Sapporo Medical College Hospital and Hokkaido Children's Hospital between December 1981 and February 1983. Diagnosis of pneumonia in infants was based on clinical findings and radiologic confirmation. Serum specimens were also obtained from the patients to determine antibody titers against C. trachomatis.
Isolation of C. trachomatis. Coverslip (16 mm) monolayers in tissue culture dishes of McCoy cells were pretreated by the method described by Ripa and Mdrdh (1977) . Each dish was seeded with 2 ml of McCoy cell suspension containing 1 X 105 cells/ml. The cells were incubated at 37°C in a C02-incubator for 48 hr to obtain a confluent cell layer. Then, growth medium (Eagle's MEM containing SM 50,ug/ml, non-essential amino acids 2%, glutamine 1%, NaHCO3 0.16%, and Amphotericyn B 2.5,ug/ml) was removed and replaced with fresh growth medium containing 2 pg/ml of cycloheximide and incubated at 3TC for 48 hr. After inoculation of nasopharyngeal swabs cells were centrifuged at 3000 rpm for 37° C for 48 hr.
DEAE-dextran-treated HeLa 229 cells were also used (Kuo et al. 1972) . HeLa 229 cells, 2 X 105 cells/ml, were inoculated into each dish which was then incubated for 48 hr to obtain a confluent monolayer. Before inoculation of nasopharyngeal swabs, medium was removed, and the monolayer was rinsed twice with 1 ml of Hank's balanced salt solution (HBSS) containing 30,ug/ml of DEAE-dextran. After inoculation, the cells were centrifuged at 3000 rpm at 35°C. Then, fresh growth medium was added.
At 48 hr post-inoculation, the monolayers of McCoy cells and HeLa 229 cells were fixed in methanol and stained with iodine for detection of the carboxyhydrate matrix of chlamydial inclusions.
Serology. Antibody against C. trachomatis was assayed by an indirect immunofluorescence (IF) technique. The test was modified from the single-antigen test previously described by Richmond and Caul (1975) . Confluent HeLa 229 cell monolayers were planted on micro-coverslip placed in microtiter plates. Before inoculation of C. trachomatis L2 strain, medium was removed and the monolayers were rinsed twice with HBSS containing 30,ug/ml of DEAE-dextran. After inoculation, the monolayers were centrifuged at 3,000 rpm at 35°C for 1 hr. Medium was aspirated and replaced with fresh growth medium. The cells were incubated at 35°C for 48 hr in a C02-incubator before fixation. Then coverslips were fixed in methanol for 20 min at room temperature and stored at -70°C until used. One coverslip from each microtiter plate was stained with iodine to check the quality of the cell preparation on the amount of antigen (the number of inclusions) present. Coverslips which contained 500-1,000 inclusions were used.
Tow-fold dilutions of test sera were made in microtiter plates using phosphte-buffer saline (PBS), pH 7.4 as diluent. 25 ,u1 of the serum dilution to be tested was placed on a coverslip of microtiter plate and incubated in a moist staining dish for 1 hr at 3TC. The coverslips were washed thoroughly on a mechanical shaker for ten min, then air-dried. 25 ,ul of fluorescein-conjugated goat antihuman immunoglobulins IgG and IgM (Miles Labora-tories, Elkhart, Indiana) previously standardized for optimal staining, was added to each coverslip. The coverslips were reincubated at 37°C for 1 hr, then washed twice in fresh PBS (10 min each wash), mounted, and read. The IF titer was the highest dilution giving definite fluorescence of inclusions at a magnification of 250. Reciprocal titers of 16 (IgM antibody and IgG antibody) or higher were considered positive.
IgM antibody to C. trachomatis L2 strain was determined in 109 infants with pneumonia, and IgG antibody to C. trachomatis LZ strain was determined in C. trachomatis culture-positive infants with pneumonia.
RESULTS
Of 109 infants with pneumonia, C. trachomatis was isolated from 26 (24%) infants. Of 26 culture-positive cases with pneumonia, 21 (81%) were infants younger than 6 months of age (Table 1) . IgM antibody was detected in 32 (29%) of 109 infants. The age distribution of the IgM antibody-positive infants is also shown in Table 1 . Detectable levels of IgM antibody were relatively uncommon in infants older than four months old.
C. trachomatis was recovered from 21(66%) of IgM antibody-positive infants as compared with 5 (7%) of IgM antibody-negative infants (P <0.01, Table 2 ). Comparison between isolation of Chlamydia matis and detection of IgM antibodies in 109 with pneumonia trachoinfants Five culture-positive but IgM antibody-negative infants did not have high levels (titer, >_ 1: 256) of IgG antibody neither against C. trachomatis, and 4 of them were older than 20 weeks of age. 21 culture-positive and IgM antibody-positive infants also had high titers of IgG antibodies.
The distribution by month of 32 IgM antibody-positive cases is shown in Table 3 . No C. trachomatis pneumonitis was detected during the period from July to October 1982.
Clinical symptoms and some laboratory findings are summarized in Table 4 . All but one cases were afebrile. Signs of respiratory distress such as retraction or cyanosis were frequently observed in babies under one month of age. Seven infants were associated with conjunctivitis. Majority of the patients had eosinophilia and increased C-reactive protein. Clinical and laboratory characteristics of chlamydial pneumonia in Japan was compared with those formerly reported from the United States (Table 5 ). Majority of the cases improved by the treatment with erythromycin within a few weeks.
DISCUSSION
Afebrile pnumonia due to C. trachomatis was reported as a disease essentially presented during the second and third months of life. It is generally accepted that the chance of C. trachomatis infection acquired during passage through a birth canal includes pneumonia (Harrison et al. 1978) . Epidemiologic data from the United States suggest that 1% of all newborns will develop chlamydial pneumonia within first three months of life (Frommell et Hammerschlag et al. 1979 ). In Asian countries including Japan no such information is available yet. Recently, we reported successful isolation of C. trachomatis from Japanese infants with pneumonia (Numazaki et al. 1983 a,b) . We could isolate C. tra chomatis from infants with pneumonia at a significantly higher incidence than that in the control group of infants without respiratory tract infections. The present study provided us with the first conclusive evidence for the occurrence of C. trachomatis pneumonitis in Japanese infants based on the isolation of C. trachomatis and determination of IgM antibody aginst this agent.
The incidence of C. trachomatis infection was higher among the patients aged from 1 to 3 months. The peak incidence was found in 2 months of age, being 44% and 69% by the isolation of the organism and detection of IgM antibodies, respectively.Over all, 29% of 109 infants with pneumonia had IgM antibodies to C. trachomatis. Harrison et al. (1978) found that 32% of infants less than six months of age with pneumonia had chlamydial infections. Our results also confirmed this observation in Japan. Clinical symptoms and laboratory findings of IgM antibody-positive pneumonic infants in Japan were coincided well with those described previously as the characteristics of pneumonia due to C. tra chomatis . Although there was a good correlation between the isolation of C. trachomatis and detection of IgM antibodies, the latter incidence exceeded over the former in younger patients. Schachter et al. (1982) contended that high levels of IgM antibodies to C. trachomatis are diagnostic of systemic chlamydial infections in infants. They reported that diagnosis by measuring IgM antibody levels might well be preferable to the detection of infection by isolation of C. trachomatis. Isolation of C. trachomatis takes at least four days. Furthermore, there may be sampling errors in the collection of appropriate specimens for isolation of C. trachomatis. Beem and Saxon (1977) pointed out that clinically unapparent, persistent nasopharyngeal infection is a common sequela to inclusion conjunctivitis caused by C. trachomatis. A number of investigators have pointed out that C. trachomatis-infected infants with pneumonia often carry other potential pathogens (Frommell et al. 1977; Stagno et al. 1981) .
On the other hand, the presence of IgM antibodies is not completely specific for detecting C. trachomatis pneumonitis.
So, we consider that diagnosis of C. trachomatis infection must be based on not only detection of IgM antibodies but isolation of the organisms. C. trachomatis can cross-react with C. psittaci and Acinetobacter caleoacticus by the indirect IF test (San Joaquin et al. 1982 ). However, because both of the organisms are uncommon pathogens in Japanese children, we believe that such cross-reaction, if occurred, did not significantly alter our results.
Finally, the present study revealed the common association of C. trachomatis infections with pneumonia in Japanese infants. The devemopment of the more simple and practically useful diagnostic test seems to be essential. Epidemiology including prevalence of serotypes involved in clinical varieties in this country might also be the subject of further investigation.
